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is supplied without an electrical contact.

A composite wireless power feeding system includes
a first wireless power feeding system including a first
power feeding coil, a first power feeding circuit unit, a
first power reception coil, a first power reception circuit
unit, and a first battery, and a second wireless power
feeding system including a second power feeding coil, a
second power feeding circuit unit, a second power re-
ception coil, a second power reception circuit unit, and
an energy consumption circuit unit. The first power re-
ception coil is also used as the second power feeding
coil. The first battery is a power source that causes the

second power feeding coil to generate electromagnetic
waves. The second power feeding circuit unit and the
first power reception circuit unit are mounted on one cir-
cuit board, such that switching between a power feeding
mode and a power reception mode can be performed by
predetermined mode switching means. Energy is sup-
plied to the energy consumption circuit unit in a case
where the power feeding mode is activated by the mode
switching means, and the first battery is charged in a
case where the power reception mode is activated by the
mode switching means. Engagement is made withoutan
electrical contact.
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Description
Technical Field

[0001] The presentinvention relates to a wireless pow-
erfeeding system, and particularly, to a system that feeds
power by resonant inductive coupling. Furthermore, the
present invention relates to a system used for a battery-
mounted light.

Background Art

[0002] Underwater lights include an underwater light
which is attached to and detached from a dedicated bat-
tery-mounted device and in which a plurality of types of
lights are used in a replaceable manner.

[0003] Meanwhile, many devices based on various
methods and structures have been proposed in a wire-
less power feeding technology. Among them, a method
using electromagnetic induction is widely and generally
known.

[0004] Patent Literature 1 discloses a wireless power
feeding method and a power feeding system that enable
expansion of use of a wider range of frequencies in wire-
less power feeding that can supply power over a relatively
long distance by electromagnetic resonant coupling. In
an electromagnetic resonant wireless power feeding
method, in wireless power feeding in which a power trans-
mission circuit of a power transmission device and a pow-
er reception circuit of a power reception device are cou-
pled by electromagnetic resonance, the power transmis-
sion device uses two different frequency components 1
and f2 for a power source 2, a resonance frequency of
the power transmission circuit is f1 and/or f2, a condition
of the power transmission circuit is periodically changed
to cause an electrical transient state in which a current
and/or a voltage are not stable, a resonance frequency
of the power reception circuit is set to (f2 - f1) or (f1 + f2)
due to a beat phenomenon, and power at the frequency
(f2 - f1) or (f1 + f2) is supplied to a load.

[0005] PatentLiterature 2 discloses a very simple wire-
less power feeder using a loop coil as a power transmis-
sion device. A power transmission loop coil provided in
a power transmission device extracts electric energy
from a direct current (DC) power source and generates
periodically changing electromagneticresonance energy
in a space. A power reception loop coil provided in a
power receiver extracts periodically changing electro-
magnetic resonance energy as electric energy from the
space and supplies power to a load. The power trans-
mission loop coil and the power reception loop coil are
coupled by electromagnetic resonance, and power is
wirelessly feed from the power transmission device to
the power receiver.

[0006] Patent Literature 3 discloses a wireless power
feeding system including a plurality of relay devices, the
wireless power feeding system suppressing a decrease
in power transmission efficiency of the relay devices. The
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wireless power feeding system includes a power trans-
mission device that transmits power to be fed, a plurality
of relay devices that relays the power transmitted from
the power transmission device, a power receiver that re-
ceives the power relayed by the relay devices, and a
control device that controls the relay devices to perform
power transmission through a transmission path having
the highest power transmission efficiency among a plu-
rality of transmission paths through which the power is
transmitted from the power transmission device to the
power receiver via the relay devices.

[0007] Patent Literature 4 discloses a technology for
increasing power transmission efficiency of a magnetic
resonance type wireless power feeding system. The
magnetic resonance type wireless power feeding system
includes an alternating current (AC) power source, a volt-
age conversion coil connected to the AC power source,
a power-transmission-side LC circuit, a power-reception-
side LC circuit, animpedance conversion coil, aload con-
nected to the impedance conversion coil, and a trans-
mission efficiency adjustment capacitor connected in
parallel to the load. The power-transmission-side LC cir-
cuit is disposed near the voltage conversion coil and in-
cludes a power-transmission-side coil and a power-
transmission-side capacitor that are excited by electro-
magnetic induction with the voltage conversion coil. The
power-reception-side LC circuit includes a power-recep-
tion-side coil thatresonates with the power-transmission-
side coil and a power-reception-side capacitor. The im-
pedance conversion coil is disposed near the power-re-
ception-side LC circuit and excited by electromagnetic
induction with the power-reception-side coil. The trans-
mission efficiency adjustment capacitor has a capacity
that improves efficiency in power transmission from the
AC power source to the load.

[0008] Patent Literature 5 discloses a wireless power
feeding system having high versatility and high applica-
bility for all power reception devices. The wireless power
feeding system feeds power from a power feeding stand
including a power feeding unit to a power reception de-
vice on which a power reception unit is mounted in a
contactless manner, and includes an intermediate mem-
ber between the power feeding stand and the power re-
ception device. Even for different power reception devic-
es, power can be feed by a single power feeder. In ad-
dition, since the power reception device can change its
arrangement during power feeding, it is possible to pro-
vide a wireless power feeding system having high ver-
satility and high applicability.

[0009] Patent Literature 6 discloses a device that en-
ables power to be feed from a power feeder to a power
receiver even in a case where there is a mismatch in the
system, structure, and shape between the power feeder
and the power receiver in a wireless power feeder. It is
possible to widen the range of the power receiver to which
the power feeder can feed power. A detachable converter
is provided between the power feeder and the power re-
ceiver. The converter functions to make a structure, size,
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or shape of an appearance of the power receiver from
the power feeder conform with that of the power feeder
by using a magnetic circuit, an electrical passive element,
refeeding, or the like.

[0010] Patent Literature 7 discloses a technology of
wireless power feeding in which highly efficient power
transmission is performed even when the degree of cou-
pling between a transmission coil and a reception coil is
changed. The wireless power feeder includes a resonant
circuit and a multi-tone power source, and transmits a
power signal including any of an electric field, a magnetic
field, and an electromagnetic field. The resonant circuit
includes the transmission coil and a resonant capacitor
connected in series. The multi-tone power source outputs
a multi-tone signal obtained by overlapping sine wave
signals of a plurality of frequencies to the resonant circuit.
[0011] Patent Literature 8 discloses a technology for
improving power transmission efficiency in magnetic res-
onance type wireless power feeding. A wireless power
feeder causes a capacitor and a power feeding coil to
resonate, thereby causing the power feeding coil and a
power reception coil to magnetically resonate. A reso-
nance frequency at this time is defined as f. The wireless
power feeder supplies AC power of the resonance fre-
quency f to the power feeding coil by alternately turning
on and off switching transistors.

[0012] Patent Literature 9 discloses a technology for
efficiently controlling power fed in magnetic resonance
type wireless power feeding. A wireless power feeder is
a device for wirelessly feeding power from a power feed-
ing coil to a power reception coil based on a magnetic
resonance phenomenon between the power feeding coil
and the power reception coil. A power transmission con-
trol circuit supplies AC power to the power feeding coll
at a driving frequency. As a result, the AC power is sup-
plied from the power feeding coil to the power reception
coil. A phase detection circuit detects a phase difference
between a voltage phase and a current phase of the AC
power. Specifically, the phase difference is detected by
comparing a first detection period in which a signal T2 is
at a high level with a second detection period in which a
signal S2 is at a high level and detecting a length of a
period in which the first detection period and the second
detection period overlap each other.

[0013] Patent Literature 10 discloses a power feeder,
a power receiver, and a wireless power feeding system
capable of suppressing an increase in circuit size and
cost, reducing power loss, and adjusting impedance on
both a power feeding side and a power reception side.
The power feeder includes: a power generation unit that
generates power to be fed; a power feeding element that
is formed by a coil to which the power generated by the
power generation unit is fed; a resonant element that is
coupled by electromagnetic induction; animpedance de-
tection unit that detects impedance on the power feeding
side; a variable matching unit that has an impedance
matching function at a power feeding point of the power
feeding element of the power according to a control sig-
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nal; a storage unit that stores impedance characteristic
estimation information as a reference table; and a control
unit that obtains a state to be adjusted of the variable
matching unit from at least the detected impedance in-
formation and information of the reference table of the
storage unit, and outputs the control signal to the variable
matching unit so as to achieve the obtained state.
[0014] Patent Literature 11 discloses a technology for
stabilizing a load voltage in magnetic resonance type
wireless power feeding. Power is transmitted from a pow-
er feeding coil to a power reception coil by magnetic res-
onance. A voltage-controlled oscillator (VCO) alternately
turns on and off a switching transistor Q1 and a switching
transistor Q2 ata driving frequency fo, supplies AC power
to the power feeding coil, and supplies AC power from
the power feeding coil to the power reception coil. A
phase detection circuit detects a phase difference be-
tween a current phase and a voltage phase, and the VCO
adjusts the driving frequency fo so that the phase differ-
ence becomes zero. When the load voltage changes, the
detected value of the voltage phase is adjusted, and as
a result, the driving frequency fo is adjusted.

[0015] Patent Literature 12 discloses a power recep-
tion circuit capable of achieving a high Q factor. A wire-
less power receiver receives a power signal S1 including
any one of an electric field, a magnetic field, and an elec-
tromagnetic field and transmitted from a wireless power
feeder. A reception coil L2 is for receiving the power sig-
nal S1. A potential of a first terminal of a power storage
capacitor C3 is fixed. A first switch SW1 and a second
switch SW2 are sequentially connected in series so as
to form a closed loop with the reception coil L2, and a
connection point N1 therebetween is connected to a sec-
ond terminal of the power storage capacitor C3. A third
switch SW3 and a fourth switch SW4 are sequentially
provided in series in a path parallel to the first switch SW1
and the second switch SW2, and a potential ata connec-
tion point N2 is fixed.

[0016] Patent Literature 13 discloses a power feeder,
a power receiver, and a wireless power feeding system
capable of obtaining broader band frequency character-
istics in a magnetic resonance type. The power feeder
includes a power generation unit that generates power
to be fed, a power feeding element to which the power
generated by the power generation unit is fed, and a plu-
rality of resonant elements arranged in multiple stages
and coupled to each other with a magnetic resonance
relationship, and one the plurality of resonant elements
is coupled by electromagnetic induction by the power
feeding element.

[0017] Patent Literature 14 discloses a wireless power
feeding device using a loop coil as a power transmission
device. Specifically, the power transmission loop coil pro-
vided in the power transmission device extracts electric
energy from a DC power source and generates periodi-
cally changing electromagnetic resonance energy in a
space. A power reception loop coil provided in a power
reception device extracts periodically changing electro-
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magnetic resonance energy as electric energy from the
space and supplies power to a load. The power trans-
mission loop coil and the power reception loop coil are
coupled by electromagnetic resonance, and power is
wirelessly feed from the power transmission device to
the power reception device.

[0018] Fig. 3 is a configuration diagram of an under-
water light according to the related art. Basically, since
it is not possible to replace a light in the water, it is nec-
essary to waterproof an electrical contact of an engaging
portion so that water does not enter, and it is necessary
to pay attention so that moisture is not attached to the
electrical contact when the light is attached or detached
after floating.

[0019] A battery-mounted device is a main body in
which a battery is embedded. As a light device is joined
with the battery-mounted device at the engaging portion,
the light can be illuminated with power of the battery of
the main body. Several kinds of light devices are pre-
pared. Examples of the light device include a spot beam
light that illuminates a long distance and a wide beam
light that illuminates a wide range. The degree of battery
consumption is also different for each of the light devices.
A connection connector connected by electrical contact
is provided in the engaging portion, and the light device
is screwed and firmly attached to the battery-mounted
device, such that an electrical connection state is
achieved. At this time, in a case where moisture such as
seawater remains in the engaging portion, the life of the
connection connector, a waterproof packing, or the like
is shortened, and the engagement must be performed
after sufficiently wiping off the moisture. The battery-
mounted device includes a connector, and an AC adapter
is connected to the battery-mounted device, such that
the battery can be charged. A dedicated lid is prepared
for the connector, and it is necessary to put the lid to
waterproof the connector when the AC adapter is not
connected.

Citation List
Patent Literature
[0020]

Patent Literature 1: JP 2017-163647 A
Patent Literature 2: JP 2017-028998 A
Patent Literature 3: JP 2017-028770 A
Patent Literature 4: JP 2014-176122 A
Patent Literature 5: JP 2014-068507 A
Patent Literature 6: JP 2013-162611 A
Patent Literature 7: JP 2012-253944 A
Patent Literature 8: JP 2012-231674 A
Patent Literature 9: JP 2012-182975 A
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Patent Literature 14: JP 2018-183051 A
Summary of Invention
Technical Problem

[0021] Some electronic devices are used with an em-
bedded battery. When such a battery is discharged and
consumed, the battery needs to be charged by being
connected to a dedicated AC adapter or the like.

[0022] In a case of an underwater light in which a bat-
tery-mounted main body and a light unit are detachable,
in a device exposed to water droplets such as seawater,
replacement of the battery and replacement of the light
cannotbe performed in the water, and mustbe performed
in a state where the water droplets are sufficiently wiped
off. There arises a problem such as electric leakage from
a connection connector portion and a decrease in life.
[0023] Inthe battery-mounted device, a role of feeding
power to the light and a role of receiving power for charg-
ing the battery are required to be performed, and thus
each connector portion is provided for each role. In a
case where an underwater operationis assumed, a meth-
od of supplying power by wireless power feeding instead
of using the connector portion is conceivable. However,
a mechanism in which there are two types of connector
portions for power feeding to the light and battery charg-
ing is inconvenient and causes an increase in cost.
[0024] Aresonantcircuitmay be used forwireless pow-
er feeding. As the resonant circuit on a power feeding
device side, a series resonant circuit or a parallel reso-
nant circuit is selected. The series resonant circuit easily
transmits a large amount of energy, but has a large loss.
On the other hand, the parallel resonant circuit is reverse
to the parallel resonant circuit. The parallel resonant cir-
cuitis used to transmit a relatively small amount of energy
and has a characteristic that a stable resonance state is
easily achieved.

[0025] In general wireless power feeding according to
the related art, the series resonant circuit is adopted on
the power feeding device side. In general, frequency ad-
justment is performed by detecting the resonance state.
However, on the power feeding device side, a reception
coil for detection is used, or switching between power
feeding and reception is performed to detect the reso-
nance state and implement the frequency adjustment.
Furthermore, also on a power reception device side, the
resonance state is detected and information thereon is
transmitted to the power feeding device side by some
communication methods (Qi standard or the like). Such
a mechanism has many factors that increase costs.
[0026] An object of the present invention is to solve a
problem that moisture such as seawater is attached to
an electrical contact and causes a contact failure in an
underwater light in which a battery-mounted main body
and a light unit are detachable, and to provide a system
in which the light unit can be replaced in the water and
power can be supplied in an electrically non-contact
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state.
Solution to Problem

[0027] A wireless power feeding system according to
the presentinvention is a composite wireless power feed-
ing systemincluding two wireless power feeding systems
including:

a first wireless power feeding system that includes

a first power feeding coil generating electromagnetic
waves,

a first power feeding circuit unit supplying power to
cause the first power feeding coil to generate the
electromagnetic waves,

a first power reception coil receiving the electromag-
netic waves emitted from the first power feeding coil
by electromagnetic induction,

a first power reception circuit unit recovering energy
generated in the first power reception coil, and

a first battery storing the energy recovered by the
first power reception circuit unit, and

that charges the first battery by supplying electric
energy by electromagnetic induction using a phe-
nomenon in which the first power feeding coil and
the first power reception coil resonate at a predeter-
mined resonance frequency; and

a second wireless power feeding system that in-
cludes

a second power feeding coil generating electromag-
netic waves,

a second power feeding circuit unit supplying power
to cause the second power feeding coil to generate
the electromagnetic waves,

a second power reception coil receiving the electro-
magnetic waves emitted from the second power
feeding coil by electromagnetic induction,

a second power reception circuit unit recovering en-
ergy generated in the second power reception coil,
and

an energy consumption circuit unit consuming the
energy recovered by the second power reception cir-
cuit unit, and

that supplies energy to the energy consumption cir-
cuit unit by supplying electric energy by electromag-
netic induction using a phenomenon in which the
second power feeding coil and the second power
reception coil resonate at a predetermined reso-
nance frequency, in which

the first power reception coil is configured as a wire-
less power reception/feeding coil that also serves as
the second power feeding coil,

thefirst battery is used as a power source that causes
the second power feeding coil to generate the elec-
tromagnetic waves,

the second power feeding circuit unit and the first
power reception circuit unit are mounted on one cir-
cuit board, and configured as a power recep-
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tion/feeding circuit unit in which switching between
a power feeding mode and a power reception mode
is performable by predetermined mode switching
means,

in a case where the power feeding mode is activated
by the mode switching means, the second power
feeding circuit unit is activated and outputs electro-
magnetic waves from the wireless power recep-
tion/feeding coil toward the second power reception
coil to supply energy to the energy consumption cir-
cuit unit, and

in a case where the power reception mode is acti-
vated by the mode switching means, the first power
reception circuit unit is activated and recovers ener-
gy generated in the wireless power reception/feed-
ing coil to charge the first battery by electromagnetic
induction of the electromagnetic waves emitted from
the first power feeding coil.

[0028] As a result, it is possible to provide a system
capable of supplying power in an electrically contactless
state.
[0029] In the wireless power feeding system,

the wireless power reception/feeding coil, the first
battery, the power reception/feeding circuit unit, and
the mode switching means are integrally configured
as a battery-mounted device,

the second power reception coil, the second power
reception circuit unit, and the energy consumption
circuit unit are integrally configured as a terminal
consumption unit,

each of a plurality of types of the terminal consump-
tion units includes a plurality of types of the energy
consumption circuit units having different functions,
and is replaceable with respect to the battery-mount-
ed device, and

the terminal consumption unit and the battery-
mounted device are connected so that an electrical
coupling portion is not exposed to the outside.

[0030] Asaresult,itis possible to perform replacement
even in the water.

[0031] The energy consumption circuit unit is a circuit
that converts electric energy into light, and

the terminal consumption unit is configured as a light unit
having a plurality of functions.

[0032] As a result, even in the water, the plurality of
light units can be replaced and used.

[0033] The wireless power feeding system further in-
cludes

an engaging portion at which the energy consump-
tion circuit unit and the battery-mounted device are
engaged so that the second power reception coil of
the energy consumption circuit unit and the wireless
power reception/feeding coil of the battery-mounted
device are close to each other, in which
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the engaging portion is an engaging portion thatdoes
not have a direct electrical coupling portion and is
provided with a waterproof measure,

the power reception/feeding circuit unit further in-
cludes a control circuit, and

the control circuit detects a proximity state between
the wireless power reception/feeding coil of the bat-
tery-mounted device and the second power recep-
tion coil of the energy consumption circuit unit, and
continuously supplies high energy to the energy con-
sumption circuit unit.

[0034] As aresult, itis possible to supply energy with-
out waste.

[0035] The wireless power feeding system further in-
cludes

an engaging portion at which the energy consump-
tion circuit unit and the battery-mounted device are
engaged so that the second power reception coil of
the energy consumption circuit unit and the wireless
power reception/feeding coil of the battery-mounted
device are close to each other, in which

the engaging portion is an engaging portion thatdoes
not have a direct electrical coupling portion and is
provided with a waterproof measure,

the power reception/feeding circuit unit further in-
cludes a control circuit,

the energy consumption circuit unit and the battery-
mounted device are further provided with a magnet
and a magnet switch, respectively, and

the control circuit detects a proximity state between
the second power reception coil of the energy con-
sumption circuit unit and the wireless power recep-
tion/feeding coil of the battery-mounted device
based on an output of the magnet switch, and con-
tinuously supplies high energy to the energy con-
sumption circuit unit based on the proximity state.

[0036] As aresult, itis possible to supply energy with-
out waste.

[0037] The battery-mounted device or the terminal
consumption unit is further provided with an LED light
and a small-capacity backup battery,

a light emitting unit formed of a luminous material
that facilitates mutual device recognition is further
provided, and

when an engaged state between the battery-mount-
ed device and the terminal consumption unit is re-
leased, the LED light emits light for a certain period
of time to facilitate replacement of the terminal con-
sumption unit.

[0038] As a result, the terminal consumption unit can
be easily replaced even in dark places.

[0039] The terminal consumption unit is a circuit that
converts electric energy into light,
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has a rotation portion so that a direction of the light
emitted from the terminal consumption unit is freely
changeable in a state in which the battery-mounted
device and the terminal consumption unit are en-
gaged with each other, and

has a function of detecting, by the second power
reception circuit, a rotation direction or a rotation po-
sition of the rotation portion, and

the control circuit on the battery-mounted device side
controls supply of electric energy via the wireless
power reception/feeding coil according to the rota-
tion direction or the rotation position to change an
intensity or color of the light or perform switching
between lighting and blinking.

[0040] Asaresult,itis possibleto performpoweroutput
adjustment corresponding to the directivity of light.
[0041] Circuits related to the power feeding mode of
the power reception/feeding circuit unit further include:

a resonant capacitor whose resonance frequency is
adjusted so as to form a parallel resonant circuit in
combination with the wireless power reception/feed-
ing coil;

a switching circuit that periodically repeats activation
(driving state) and deactivation (resonance state) of
power supply with respect to the power feeding coil;
a frequency adjustment circuit that changes a fre-
quency of power to be supplied to the wireless power
reception/feeding coil; and

a resonance state sensor that detects a resonance
state of the power feeding coil and outputs a detec-
tion signal to the frequency adjustment circuit and
the control circuit,

the control circuit

integrally controls both the switching circuit and the
frequency adjustment circuit,

determines a frequency and a driving time of power
feeding according to information from the resonance
state sensor so as to achieve an optimum resonance
frequency and a stable resonance state, and controls
the switch circuit and the frequency adjustment cir-
cuit according to the frequency and the driving time,
and

further detects, in a case where it is determined that
an abnormal resonance state or an abnormal dis-
charge state that occurs when electromagnetic
waves are output in water or salt water has occurred,
heat generation by performing temperature detec-
tion, and detects an overvoltage, or an overcurrent,
and in acase where itis determined thatan abnormal
state has occurred, the control circuit stops power
feeding.

[0042] As aresult, it is possible to avoid wasteful en-
ergy consumption such as electric leakage.

[0043] The mode switching means

makes the power feeding mode in a standby state be
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executed when the battery-mounted device and the ter-
minal consumption unit are not engaged or an engaged
state is not sensed, and performs switching from the pow-
er feeding mode in the standby state to the power recep-
tion mode when the engaged state is sensed.

[0044] As a result, it is possible to perform more
smoothly switching between the power reception mode
and the power feeding mode.

[0045] The mode switching means includes

the wireless power reception/feeding coil that re-
ceives the electromagnetic waves emitted from the
first power feeding coil by electromagnetic induction
in the power reception mode, and the first power re-
ception circuit unit that recovers energy generated
in the wireless power reception/feeding coil, and
performs switching from the power reception mode
to the power feeding mode in a standby state in a
case where a predetermined power reception level
is not reached.

[0046] As a result, it is possible to perform more
smoothly switching between the power reception mode
and the power feeding mode.

[0047] Each of the wireless power reception/feeding
coil of the battery-mounted device, the first power feeding
coil, and the second power reception coil is a pot type
ferrite core in which a cylindrical portion surrounding a
winding portion, a shaft portion of the winding portion,
and one bottom surface of the cylindrical portion are
formed of ferrite,

in the power feeding mode, the wireless power re-
ception/feeding coil of the battery-mounted device
and the second power reception coil are engaged
around a core hole and are arranged so as to face
each other on a side where the ferrite bottom surface
is not provided, and in the power reception mode,
the wireless power reception/feeding coil of the bat-
tery-mounted device and the first power feeding coil
are engaged around the core hole and are arranged
so as to face each other on the side where the ferrite
bottom surface is not provided, and

in the power reception mode or the power feeding
mode, wireless power feeding continues even when
rotating around the core hole.

[0048] As a result, the directivity of the magnetic flux
can be enhanced.

[0049] The wireless power feeding system further in-
cludes bidirectional communication means, in which

when performing wireless power reception/feeding
in the power reception mode or the power feeding
mode, the wireless power feeding system includes
predetermined communication means that enables
bidirectional data communication,

a state of charge of the battery is detected by a con-
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trol unit of the power reception/feeding circuit unit,
and a numerical value of the state of charge is com-
municated to a counterpart by the communication
means, and

the energy consumption unit records at least an en-
ergy consumption amount, and a numerical value of
the energy consumption amount is communicated
to the battery-mounted device by the communication
means.

[0050] As a result, it is possible to monitor the status
of charge and the consumption state.

Advantageous Effects of Invention

[0051] According totherelated art, ithas not been pos-
sible to replace a light or a battery in an environment such
as under water in a combination of a battery-mounted
main body and the light. In addition, in order to charge
the battery, it has been necessary to charge the battery
by connecting an AC adapter to a dedicated connector.
By using the wireless power feeding system of the
present invention, it is possible to replace the battery-
mounted main body or the light even in the water, and
charging can be performed by a contactless battery pow-
er feeder having no electrical contact using a wireless
power feeding connection portion between the battery-
mounted main body and the light. In addition, charging
can be performed even in a state in which water droplets
or the like are attached, such that maintainability and
product life can be increased, and furthermore, the bat-
tery-mounted main body shares a contactless electrical
contact portion while feeding power to the light and re-
ceiving power when charging the battery, which contrib-
utes to low cost and convenience.

Brief Description of Drawings
[0052]

Fig. 1 is configuration diagram 1 of an underwater
light.

Fig. 2 is configuration diagram 2 of the underwater
light.

Fig. 3 is a configuration diagram of an underwater
light according to the related art.

Fig. 4 is a basic circuit configuration diagram.

Fig. 5is a schematic diagram of a basic signal wave-
form.

Fig. 6 is an explanatory diagram of a wireless power
reception/feeding circuit in which a power feeding
unit and a power reception unit are integrated.

Fig. 7 is a cross-sectional view of a connection por-
tion between a battery-mounted device and a light
device.

Fig. 8 is a configuration diagram of a ferrite coil.
Fig. 9 is a cross-sectional view of a connection por-
tion between a battery-mounted device and a battery
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charging device.

Fig. 10 is a processing flowchart of a battery-mount-
ed main body portion.

Fig. 11 illustrates the battery charging device.

Fig. 12 is a flowchart of an example of communica-
tion processing.

Description of Embodiments

[0053] Hereinafter, best modes for implementing a
system of the presentinvention will be described in detail
with reference to the accompanying drawings.

[0054] Fig. 1 is example 1 of a configuration diagram
of an underwater light. An underwater light 50 is a product
that is separable and detachable between a battery-
mounted device 53 and a light-unit-mounted power re-
ception device 51. The light-unit-mounted power recep-
tion device 51 is a mechanism in which several kinds of
lights are prepared and are replaced as appropriate. Con-
versely, when a battery of the battery-mounted device
53 is completely discharged, in a case where there is a
fully charged battery-mounted device 53 separately pre-
pared in advance, the lights can be continuously used in
the water by replacement.

[0055] However, an underwater light according to the
related art has various problems. Here, a configuration
diagram of an underwater light according to the related
art in Fig. 3 will be described as an example of the un-
derwater light according to the related art.

[0056] In the underwater light according to the related
art, it is necessary to take out the underwater light from
the water, sufficiently wipe off moisture in an engaging
portion or a connection portion, and then replace a bat-
tery-mounted device 926 and a light device 925. This is
because there have been an electric leakage problem
and factors that deteriorate a contact life such as con-
duction of a connector portion when seawater is attached
and saltiness. Similarly, when a battery of the battery-
mounted device 926 is charged, the battery can be
charged by connecting an AC adapter 928 to a connector
929. When the connector 929 is underwater, the connec-
tor must be covered with a waterproof lid when being
used. As described above, in the underwater light ac-
cording to the related art, it is not possible to replace the
battery-mounted device 926 and the light device 925 in
a state of being exposed to water or water droplets, and
maintenance of a waterproof portion is necessary and
convenience is poor.

[0057] In the present invention, in order to solve this
problem, a wireless power feeding mechanism is used.
Furthermore, an attempt has been made to reduce the
cost. This will be briefly described.

[0058] An engaging portion in configuration diagram 1
of the underwater light of Fig. 1 does notinclude an elec-
trical connector. Instead, a wireless power recep-
tion/feeding coil that functions to perform wireless power
feeding is embedded in a coupling portion for position
alignment and a wireless power reception/feeding side
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55 of the battery-mounted device 53, and a wireless pow-
er reception coil is embedded in a wireless power recep-
tion side 54 of the light-unit-mounted power reception
device 51. The engaging portion and the coupling portion
are mainly formed of a resin, and it is preferable to use
a corrosion-resistant material.

[0059] The engaging portion in configuration diagram
1 of the underwater light of Fig. 1 includes a light emitting
diode (LED) 56. When the battery-mounted device and
the light device are replaced in a deep water depth by
performing, for example, deep diving, those devices are
normally in a dark place where sunlight does not reach.
At this time, in a case where the only light goes out due
to battery exhaustion, it becomes a matter of survival.
Therefore, the LED is arranged in the engaging portion,
such that even in a case where the battery runs out, the
LED is illuminated for several minutes with a small-ca-
pacity battery to make it easy to perform replacement.
Note that although the LED is installed in the engaging
portion in the present embodiment, the LED may be in-
stalled anywhere in the light device instead of the engag-
ing portion as long as the light device can be easily seen.
[0060] For example, a supercapacitor may be used as
a backup battery.

[0061] In addition, in Fig. 1, a light emitting guide por-
tion implemented by a luminous material 52 is provided
at an appropriate position in the engaging portion. The
luminous material is a material that emits dim light for a
while even without a light source when irradiated with a
certain light source. Even in a case where the backup
battery of the LED of the engaging portion runs out, the
light emitting guide portion in which light of the LED is
accumulated emits dim light for a while, such that safety
can be doubly ensured.

[0062] Further, in the present invention, for the sake
of convenience, an example in which the light device is
replaced is described. However, basically the same ap-
plies to a case where a spare battery-mounted device is
carried and when the battery runs out, replacement with
the spare battery-mounted device is performed.

[0063] Fig. 2 is example 2 of the configuration diagram
of the underwater light. In the presentinvention, in a case
where the battery-mounted device 53 of Fig. 1 is con-
nected to the light-unit-mounted power reception device
51, the battery-mounted device 53 performs wireless
power feeding, and in a case where a battery-mounted
device 56 and a battery charging device 57 are connected
to each other as in Fig. 2, the battery-mounted device 56
functions to perform wireless power reception. This elim-
inates the need forthe battery-mounted device 56 to have
a charging connector and a function thereof, which con-
tributes to cost reduction and convenience.

[0064] Focusing on the engaging portion of Fig. 2, a
wireless power reception/feeding coil that functions to
perform wireless power reception is embedded in a wire-
less power reception/feeding side 58 of the battery-
mounted device 56, and a wireless power feeding coil is
embedded in a wireless power feeding side 59 of the
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battery charging device 57. In a case of joining with a
charger, the battery charging device 57 has a structure
including a protrusion by using a recess of the battery-
mounted device 56. Unlike the light unit, there is no need
to screw, and the battery-mounted device 56 is joined in
a standing state.

[0065] The battery charging device 57 is connected to
an AC adapter 60 to supply power. In the battery charging
device 57, a connector portion for connection to the AC
adapter 60 does not need to be particularly waterproofed.
[0066] A power feeding device 10 of Fig. 4 includes a
power feeding coil 11, a resonant capacitor 14 that con-
stitutes a resonant circuit together with the power feeding
coil 11, a switch circuit 12 for turning on and off power to
the power feeding coil 11, a frequency adjustment circuit
15 (for example, a circuit that controls a capacitor) that
adjusts a frequency to be supplied to the power feeding
coil 11, a resonance state sensor 16 that detects a res-
onance state, and a power source 18. Characteristics of
the power feeding device 10 will be described. First, the
power feeding coil 11 and the resonant capacitor 14 con-
stitute a parallel resonant circuit. Second, there is one
switch. Third, the control circuit 17 controls the frequency
adjustment circuit 15 and the switch circuit 12 to control
the frequency and a power supply time. Fourth, the res-
onance state sensor 16 that detects the resonance state
(mainly, frequency shift) is provided, and the control cir-
cuit 17 performs a control to stop power feeding in addi-
tion to the above control based on a detection result of
the resonance state sensor 16.

[0067] Fig. 4 illustrates a basic circuit diagram (similar
to a block diagram). In a basic circuit, the power feeding
coil 11 is provided to generate electromagnetic waves
and causes electromagnetic induction. At least an elec-
tric circuit of the power feeding device 10 includes the
resonant capacitor 14 and the power source 18, and a
resonance relationship at a constant frequency is formed
with respect to a power reception coil 1 of a power re-
ception device 2. The frequency at this time is referred
to as aresonance frequency, and in general, frequencies
from 100 kHz to 500 kHz are used. The resonance fre-
quency used in the present invention is not particularly
limited.

[0068] The resonance frequency slightly shifts de-
pending on a positional relationship or state of the power
reception device 2. For example, a situation changes de-
pending on a position or inclination of the power reception
coil of the power reception device 2. Therefore, when the
power reception coil 1 enters a range (in a magnetic flux
line illustrated in Fig. 1) covered by the electromagnetic
waves transmitted from the power feeding coil 11, energy
can be supplied. The power reception coil 1 entering into
the magnetic flux line affects the power feeding device
side in the form of resonance frequency shift. In a case
where the resonance frequency shifts, the efficiency of
energy supply decreases. Therefore, the shifted frequen-
cy or phase is detected by the resonance state sensor
16 (for example, a circuit including a phase detection
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circuit using a current sensor and a voltage sensor), and
the frequency of the power feeding coil 11 is adjusted
using the frequency adjustment circuit 15 according to
the frequency or phase. The frequency adjustment circuit
15 is, for example, a circuit that adjusts a capacity of the
capacitor.

[0069] Various elements need to be taken into account
in adjusting the frequency (or phase). Therefore, itis pref-
erable to provide the control circuit 17 that performs a
control using a program by using a microcontroller (an
integrated circuit including a processor, a memory, and
a peripheral circuit), a programmable logic device (an
integrated circuit capable of defining/changing an inter-
nal logic circuit), or the like. The control circuit 17 is con-
nected to the resonance state sensor 16 (phase detection
circuit). Theresonance state sensor 16 senses frequency
shift or phase shift and transmits a corresponding signal
to the control circuit 17. As a result, when an object other
than the predetermined power reception device 2 ap-
proaches, the resonance state sensor 16 detects an ab-
normal frequency or phase, and transmits a correspond-
ing signal to the control circuit 17, such that the control
circuit 17 can stop power feeding.

[0070] Furthermore, a method of detecting a temper-
ature by using a temperature sensor connected to the
microcontroller to check a heat generation state and de-
tect an abnormality, and a method of detecting an over-
voltage or an overcurrent by using voltage/current detec-
tion means and detecting an abnormality are used to-
gether, such that a safer system can be implemented.
[0071] In the power feeding device of the present in-
vention, the resonant capacitor 14 is positioned at a po-
sition .. However, in the power feeding device according
to the related art, a capacitor is connected in series to
the power feeding coil, and a reference resonance fre-
quency can be adjusted depending on a specification of
the capacitor positioned at a position . A connection
method for this circuit according to the related art is gen-
erally called a series resonant circuit.

[0072] On the other hand, a parallel resonant circuit is
adopted for the circuit of the power feeding device 10 of
the wireless power feeding system in the present inven-
tion illustrated in Fig. 4.

[0073] Inthe circuit of Fig. 4, a method of detecting the
resonance state without stopping power feeding to the
power feeding coil 11 can be used.

[0074] The wireless power feeding system of the
present invention includes the basic circuit illustrated in
Fig. 4. In a case of this parallel resonant circuit, when
SW1 is turned off after SW1 is turned on and a stable
resonance state is achieved, the power feeding device
10 maintains the resonance state with the power recep-
tion device 2 while energy stored in the power reception
coil 1 and a capacitor 3 is released. A timing at which
SW1 is turned on/off is controlled using a phase locked
loop (PLL) circuit. Here, the frequency adjustment circuit
15 and the control circuit 17 implement power supply with
asuitable frequency based on transition of the resonance
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state detected by the resonance state sensor 16 con-
nected in parallel to the power feeding coil 11. The res-
onance state sensor 16 is a sensor that detects the res-
onance state, and performs detection of transition of a
voltage sensor and a current sensor, phase detection of
the resonance frequency, and the like.

[0075] Inthe circuit of Fig. 4, itis difficult to clearly know
the phase shift of the resonance frequency of the power
reception device 2. However, by simulating various situ-
ations obtained from the resonance state sensor 16 in
advance and performing programming based thereon, it
is possible to perform processing of making a simple de-
termination as to whether to increase, decrease, or main-
tain the resonance frequency. Then, by further detecting
transition of a result after the adjustment, it is possible to
determine whether or not it is appropriate, and perform
a control by trial and error.

[0076] Fig. 5 is a schematic diagram of a signal wave-
form of the basic circuit of the power feeding device 10
of Fig. 4. Fig. 5(A) illustrates a waveform of the switch
circuit 12 of Fig. 4, and the switch circuit 12 is switched
on when the waveform is at a high level. That is, during
a time during which the switch circuit 12 is switched on,
the power source 18 supplies power. Therefore, the time
during which the switch circuit 12 is switched on is a driv-
ing state, that is, a driving time. A time during which the
switch is turned off and driving is not performed is a res-
onance state, that is, a resonance time.

[0077] AsillustratedinFig.4,inacase where the power
feeding coil 11 and the resonant capacitor 14 constitute
a parallel resonant circuit, energy is continuously sup-
plied as long as the power feeding device 10 is in the
resonance state with the power reception device 2, in
both the driving state and the resonance state.

[0078] Fig. 5(B) illustrates a drive signal. When the
switch circuit 12 is turned on, the power source 18 is
turned on. Fig. 5(C) illustrates a sampling signal detected
by the resonance state sensor 16 of Fig. 1, and detection
(sampling) is performed by making the signal be in an
ON state a plurality of times in a sampling time.

[0079] Fig. 5(D) illustrates a received signal input to
the resonance state sensor 16 of Fig. 1. This signal in-
dicates a state of the power feeding coil 11 in the reso-
nance state. Although this signal waveform is illustrated
in a simplified manner, this signal waveform is a signal
having a frequency characteristic, and it is also possible
to measure a frequency component. The signal is mainly
converted as a voltage into a digital value by an analog-
digital (AD) conversion circuit or the like to transmit in-
formation to the control circuit 17 of Fig. 4.

[0080] In the resonance time illustrated in Fig. 5(A),
when the energy in the power feeding coil 11 and the
resonant capacitor 14 is supplied to the power reception
device 2, a signal intensity (voltage) decreases as illus-
trated in Fig. 5(D). Based on this transition, it is possible
to simulate whether or not resonance is appropriately
performed. In addition, a phase difference can be detect-
ed as the frequency characteristic. There is a slight dif-
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ference between when the power feeding device 10 res-
onates with the power reception device 2 and when the
power feeding device does not resonate with the power
reception device 2. By comprehensively considering
these, the control circuit 17 adjusts the frequency at the
time of power supply in cooperation with the frequency
adjustment circuit 15. Sometimes, the frequency is inten-
tionally shifted back and forth to check a change of the
state of Fig. 5(D). In addition, in a case of being in the
resonance state with the power reception device 2, the
control circuit 17 also adjusts the driving time in consid-
eration of how the voltage decreases in Fig. 5(D).
[0081] Note that the detection performed by the reso-
nance state sensor 16 in Fig. 5(C) may be accompanied
by energy loss in the power feeding device 10. Therefore,
itis sufficientto suppress the energy loss by intermittently
performing sampling, for example, once per second with-
out performing sampling every time.

[0082] In addition, specifications of the power source
18, the power feeding coil 11, and the resonance fre-
quency are determined according to the magnitude of
energy to be transmitted or the size or height of an area
to which power is to be fed. The resonant capacitor 14
is mainly determined according to the specification of the
reference resonance frequency. These configurations
implement an advanced electric circuit obtained by re-
peatedly performing complex simulation in actual imple-
mentation.

[0083] As described above, since a programmable cir-
cuit such as a microcontroller or a programmable logic
device is used for the control circuit 17, it is possible to
find an appropriate program by repeatedly performing
the simulation and perform a control according to the
program.

[0084] The circuit of the power reception device 2 in-
cludes a predetermined power reception coil 1, and in-
cludes at least the capacitor 3 and a rectifier circuit 4.
Note that the capacitor 3 may be connected to the power
reception coil 1 in series or in parallel. In the present
invention, itis ideal to connect the capacitor 3 to the power
reception coil 1 in parallel. An internal battery 5 is em-
bedded in the power reception device 2. The internal bat-
tery 5 is a rechargeable secondary battery. A superca-
pacitor (electric double-layer capacitor) may be used in-
stead of the secondary battery.

[0085] Specifications or volumes of the power recep-
tion coil 1 and the resonance frequency at this time are
set according to the magnitude of the energy to be re-
ceived, but designing can also be performed to prioritize
the volume to be stored in the power reception device 2.
[0086] When electromagnetic induction at a predeter-
mined resonance frequency is caused from the power
feeding coil 11 of the power feeding device 10, a magnetic
flux is generated as indicated by a magnetic flux line of
Fig. 4. When the power reception coil 1 of the power
reception device 2 enters an end of the magnetic flux
line, electric energy is generated by an electromotive
force caused by the electromagnetic induction. This en-
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ergy is recovered and stored in the internal battery 5.
[0087] In a case of a general existing wireless power
feeding device, the power reception device 2 often in-
cludes a frequency detection circuit and communication
means that notifies of a state of the power reception de-
vice 2 and performs communication with the power feed-
ing device 10. Transmission to the power feeding device
10 is performed by the communication means, and the
power feeding device 10 has a mechanism that appro-
priately adjusts the resonance frequency. In this case,
the power reception device 10 requires a predetermined
IC circuit.

[0088] On the other hand, in the present invention, the
circuit of the power reception device 2 is configured by
a mechanism that is extremely simplified. With this sim-
plified configuration, it is possible to perform discharging
while performing charging, and thus, it is possible to per-
form charging by the wireless power feeding system and
simultaneously discharge and supply power to an elec-
tronic device in a state in which a charger is attached
inside the electronic device.

[0089] Fig. 6 is an explanatory circuit diagram in which
there is one power feeding unit and one power reception
unit.

[0090] The wireless power feeding system of the bat-
tery-mounted device of the presentinvention is awireless
power reception/feeding coil in which a wireless power
feeding coil and a wireless power reception coil are inte-
grated.

[0091] A power feeding circuit unitand a power recep-
tion circuit unit are power reception/feeding circuit units
mounted on one circuit board. The power reception/feed-
ing circuit unit is configured to enable switching between
a power feeding mode and a power reception mode by
predetermined switching means.

[0092] The power reception coil 1 and the power feed-
ing coil 11 illustrated in Fig. 4 are shared by one power
reception/feeding coil 31. In addition, it is characterized
in that the power reception/feeding coil 31 is a power
reception/feeding circuit in which the circuit unit of the
power reception device 2 and the circuit unit of the power
feeding device 10 are integrated.

[0093] The power reception/feeding coil 31 is a circuit
using the parallel resonant circuit proposedin the present
invention, and the resonant capacitor 34 is connected in
parallel to the coil.

[0094] Here, a state of the circuit in the power feeding
mode in which power is fed will be described. In the power
feeding mode, a switch SW2 of the switching means 33
is turned on, power is supplied from the battery, and a
switch SW3is turned off. Ina case of this parallel resonant
circuit, when SW1 is turned off after SW1 is turned on
and a stable resonance state is achieved, the resonance
state with the power reception device is maintained while
energy stored in the power reception/feeding coil 31 and
the capacitor 34 is released. Here, a frequency adjust-
ment circuit 35 and a control circuit 37 implement power
supply with a suitable frequency based on transition of
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the resonance state detected by a resonance state sen-
sor 36 connected in parallel to the power reception/feed-
ing coil 31. The resonance state sensor 36 is a sensor
that detects the resonance state, and performs detection
of transition of a voltage/current, phase detection of the
resonance frequency, and the like.

[0095] Here, astate ofthe circuitin the power reception
mode in which power is received will be described. In a
case of the power reception mode, the switch SW2 of
the switching means 33 is turned off, and the switch SW3
is turned on. In addition, SW1 is turned off. The power
reception/feeding coil 31 generates electric energy by an
electromotive force caused by the electromagnetic in-
duction. This energy passes through a rectifier circuit 38
to charge a battery 39.

[0096] In this manner, by operating SW1, SW2, and
SWa3 by the control circuit 37 that controls the switches,
it is possible to provide means for switching between the
power feeding mode and the power reception mode.
[0097] Fig. 7 is a cross-sectional view of a connection
portion between the battery-mounted device and the light
device.

[0098] A battery-mounted device main body portion 61
includes a ferrite coil A 64 and is connected to a circuit
board A 63. Here, the circuit board A 63 is a board on
which the wireless power reception/feeding circuit illus-
trated of Fig. 6 is mounted. A battery 70 is connected to
the circuitboard A 63. The ferrite coil A 64 is also referred
to as a wireless power reception/feeding coil.

[0099] The light device portion 62 includes a ferrite coil
B 65 and is connected to a circuit board B 66. Here, the
circuit board A 63 is a board on which the wireless power
reception/feeding circuit illustrated of Fig. 6 is mounted.
The circuit board B 66 is connected to an LED 69 which
is a light.

[0100] The connection portion between the battery-
mounted device and the light device of Fig. 7 has a pro-
trusion 71. Fig. 7 illustrates a mechanism in which the
battery-mounted device main body portion 61 has a pro-
truding shape, and the light device portion 62 has a re-
cessed shape, and the battery-mounted device main
body portion 61 and the light device portion 62 are en-
gaged. For a waterproof measure, a packing or the like
is provided, the entire engaging portion of the battery-
mounted device main body portion has a recessed
shape, and the entire engaging portion of the light device
portion 62 has a protruding shape. That is, a protruding
portion of the light device portion 62 is engaged with a
recessed portion of the battery-mounted device main
body portion 61 in such a manner as to be fitted or
screwed based on the protrusion 71.

[0101] The ferrite coil A 64 and the ferrite coil B 65 are
arranged to face each other across a case.

[0102] In Fig. 7, in order to detect whether or not the
battery-mounted device main body portion 61 and the
light device portion 62 are in an engaged state, the bat-
tery-mounted device main body portion 61 includes a
magnet switch 67, and the light device portion 62 includes
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a magnet 68. When engaged, the magnet switch 67 is
turned on by the magnet 68, and acts on the circuit board
A 63.

[0103] When the battery-mounted device main body
portion 61 and the light device portion 62 are in the en-
gaged state, in wireless power feeding, the wireless pow-
er feeding efficiency is constant even when the light de-
vice portion 62 is rotated about the protrusion 71. There-
fore, in a case where a function of detecting a rotational
position when the light device portion 62 is rotated is pro-
vided, it is possible to provide a function of changing the
intensity of the light depending on a rotation direction.
[0104] Furthermore, it is also possible to change the
color of the light or perform switching between lighting
and blinking instead of changing the intensity of the light.
Since several types of lights can be replaced on site, it
is possible to perform a change to a light for an appro-
priate use and further implements multiple functions.
[0105] The purpose of the detection of the engaged
state is to stop wireless power feeding when not engaged
to thereby suppress the consumption of the battery. In
addition, basically, in a case where there is no electric
leak as a result of the above-described abnormality de-
tection, but a combination of seawater and metal has
caused long-time exposure to electromagnetic waves,
the metal may cause abnormal heat generation, and it is
thus preferable to provide this switch mechanism.
[0106] However, a method of not using the magnet
switch is also disclosed in the present invention, and will
be described later.

[0107] Fig. 8 is a configuration diagram of the ferrite
coil. In the present invention, the ferrite coils A and B of
Fig. 7 intentionally use a pot type ferrite core 81. The
core has a structure that prevents magnetic flux from
leaking to the outside of the pot shape, and it is possible
to further suppress leakage magnetic flux even when the
core is exposed to a conducting environment (metal or
seawater). When the leakage magnetic flux is sup-
pressed, the power feeding efficiency is increased, and
safety is enhanced. In addition, at the time of wireless
powerfeeding, a coil portion 83 may generate some heat,
but the pot type ferrite core has a more excellent heat
dissipation effect as compared with ferrite cores having
other shapes.

[0108] Asillustrated in a schematic view of the pot type
ferrite core 81, the pot type ferrite core 81 includes the
coil portion 83 wound by an electric cable, a ferrite 84,
and a core hole 85 when a hole is formed at the center.
[0109] Fig. 9 is a cross-sectional view of a connection
portion between a battery-mounted device and a battery
charging device.

[0110] A battery-mounted device 91 includes a ferrite
coil A 92 and is connected to a circuit board A 93. The
circuit board A 93 is connected to a battery 94. The ferrite
coil A 92 is also referred to as a wireless power recep-
tion/feeding coil.

[0111] A battery power feeding device 92 includes a
ferrite coil C 95 and is connected to a circuit board C 96.
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The circuit board C 96 is supplied with power from an AC
adapter or the like.

[0112] The battery power feeding device 92 has a
mechanism of a drip-proof measure 97 on the assump-
tion that charging is performed in a state in which water
droplets are attached to the battery-mounted device 91.
[0113] The drip-proof measure 97 is a case of the bat-
tery power feeding device 92 that is formed of a sponge-
like material absorbing water droplets and has an air hole
for natural evaporation. Another method of the drip-proof
measure 97 may include a mechanism in which water
droplets attached to the battery-mounted device 91 are
pushed out when the battery-mounted device 91 is
joined, and the water droplets flow to the dish-shaped
drip-proof measure 97. In the dish-shaped drip-proof
measure 97, a hole for releasing water droplets is pro-
vided in the case of the battery-mounted device 91.
[0114] Fig. 10 is a processing flowchart of a battery-
mounted main body. The battery-mounted main body
processes both functions of wireless power feeding and
wireless power reception with the same coil and circuit.
This will be described in order.

[0115] Initialization processing includes various types
of processing performed when a power source is turned
on. 8-2 denotes processing of performing switching to
the power feeding mode in a wireless power feeding
standby state. At this time, wireless power feeding
processing in a low-voltage driving state is performed
(8-3). In this state, for example, a power feeding voltage
itself is lowered, and processing of increasing a time dur-
ing which power feeding is not performed and intermit-
tently performing power feeding to suppress the power
consumptionis performed. Once power is fed, depending
on whether or not there is a power reception side of the
light device, it is determined whether or not a threshold
value or more is reached according to the presence or
absence of a reaction 8-4 of the sensor based on the
detection performed by the resonance state sensor 16.
In a case where there is no reaction in the sensor, switch-
ing to the wireless power reception mode is performed
(8-6). Next, wireless power reception processing of 8-7
is performed. It is determined whether or not a threshold
value or more is reached according to the presence or
absence of a response 8-8 in the sensor based on the
detection performed by the resonance state sensor 16.
[0116] The following processing is repeatedly per-
formed. Wireless power reception processing of 8-10 is
performed, and determination is made according to the
presence or absence of a reaction 8-11 in the sensor.
Then, in a case where stable power reception is per-
formed according to the reaction in the sensor, battery
power reception processingis performed in 8-12. Return-
ing to 8-9, as long as there is a reaction in the sensor,
the processing is repeatedly performed. In a case where
there is no reaction in the sensor, the processing returns
to 8-1.

[0117] Inacase where thereis areaction in the sensor
in 8-4, switching to the normal power feeding mode is
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performed in 8-5. In 8-13, wireless power feeding
processing is performed in a high-voltage driving state.
In 8-14, predetermined abnormality detection processing
is performed. In a case where a result of the abnormality
detection (8-15) indicates that wireless power feeding to
a target object is performed, the processing proceeds to
8-16, and otherwise, the processing returns to 8-1. In a
case where the target object is normal, the wireless pow-
er feeding processing is performed in the high-voltage
driving state in 8-17. Then, in a case where there is no
reaction in the sensor, the processing returns to 8-1, and
in a case where thereis a reaction, the processing returns
to 8-16 and is repeatedly performed.

[0118] In this way, the mechanism of switching of the
wireless power reception/feeding mode of the battery-
mounted main body has been described with reference
to the flowchart.

[0119] Fig. 11is adiagram of an example of the battery
charging device. This battery charging device includes
three battery feeders described in Fig. 9. As described
above, the battery charging device is a charging device
capable of simultaneously performing battery charging
for three battery-mounted main bodies. Each power feed-
er includes an LED status indicator indicating a power
feeding state. In addition, each power feeder portion has
a groove, and the groove is provided with a waterproof
measure, and has a mechanism in which water droplets
and the like are absorbed and discharged during power
feeding.

[0120] Fig. 12 is a flowchart of an example of commu-
nication processing. When wireless power feeding and
wireless power reception are performed, communication
processing can be performed by a predetermined meth-
od. This method will be described below. Here, steps
thereof will be sequentially described with reference to
the flowchart.

[0121] Inthe battery power feeder, the communication
processing is started in 10-1. Here, processing of storing
a communication content in a memory is mainly per-
formed. Next, in 10-2, communication transmission
processing is performed. In the communication transmis-
sion, polling communication is performed. Next, in 10-3,
communication reception is awaited. Since a response
value is returned when communication is established,
reception is awaited for a certain period of time. Next, in
a case where the response value is returned, communi-
cation reception processing is performed in 10-4. For ex-
ample, in a case where the value indicates the state of
charge as a battery capacity, full-charge determination
processing is performed in 10-5. Here, in a case where
it is determined that the battery is fully charged, for ex-
ample, the LED or the like of Fig. 11 is changed from red
light to green light.

[0122] Next, the battery-mounted main body will be de-
scribed. Communication reception processing of receiv-
ing the communication content transmitted from the com-
munication processing of 10-2 is performed in 10-7.In a
case where it is determined in 10-8 that there is commu-
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nication, the battery capacity is measured, processing of
returning a battery capacity value as a response is per-
formed in 10-10 to transmit the battery capacity value as
a response.

[0123] This communication means can further have
various functions by bidirectional communication. For ex-
ample, when the light-unit-mounted power reception de-
vice includes means that records a light emission
amount, and the battery-mounted main body and the light
unit are coupled to perform wireless power feeding, a
numerical value of the light emission amount can be re-
ceived by the communication means and stored in the
memory of the battery-mounted main body.

[0124] Here, a manner in which the communication
processing is performed will be briefly described. There
are various communication methods. For example, the
communication can be performed by simple radiocom-
munication, and in a case where, in the received signal
24 indicated by the basic signal waveform in Fig. 5, the
first received signal is a burst signal 26 and the second
and subsequent received signals have binary signal val-
ues, areaction for a case where there is areceived signal
can be made when the binary signal value is 1, and a
reaction for a case where there is no received signal can
be made when the binary signal value is 0, data can be
transmitted while performing wireless power feeding al-
though the speed is very low. In addition, as a generally
adopted case, there is also a method in which another
communication means, for example, a function such as
aradio frequency identifier (RFID) is separately provided,
and communication is occasionally performed.

Industrial Applicability

[0125] The wireless power feeding system of the
present invention is particularly suitable for an underwa-
ter camera. Further, the presentinvention can be applied
not only to an underwater environment, but also to an
environment with a lot of dust and a safety-conscious
product handled by children. A destination to which the
battery-mounted main body is connected can be, for ex-
ample, a light whose rotation direction is desired to be
freely set, and is not limited to the light, and any destina-
tion (energy consumption circuit unit) to which power is
desired to be supplied can be applied.

Reference Signs List
[0126]

1 Power reception coil

2 Power reception device

10  Power feeding device

11 Power feeding coil

12 Switch circuit

14  Resonant capacitor

15  Frequency adjustment circuit
16 Resonance state sensor
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17  Control circuit
18 Power source

the second power feeding circuit unit and the
first power reception circuit unit are mounted on
one circuit board, and configured as a power
reception/feeding circuit unit in which switching
between a power feeding mode and a power
reception mode is performable by predeter-
1. A composite wireless power feeding system com- mined mode switching means,

prising two wireless power feeding systems includ- in a case where the power feeding mode is ac-

ing: tivated by the mode switching means, the sec-

Claims 5

10 ond power feeding circuit unit is activated and
a first wireless power feeding system that in- outputs electromagnetic waves from the wire-
cludes less power reception/feeding coil toward the
afirst power feeding coil generating electromag- second power reception coil to supply energy to
netic waves, the energy consumption circuit unit, and
a first power feeding circuit unit supplying power 75 in a case where the power reception mode is
to cause the first power feeding coil to generate activated by the mode switching means, the first
the electromagnetic waves, power reception circuit unit is activated and re-
a first power reception coil receiving the electro- covers energy generated in the wireless power
magnetic waves emitted from the first power reception/feeding coil to charge the first battery
feeding coil by electromagnetic induction, 20 by electromagnetic induction of the electromag-
a first power reception circuit unit recovering en- netic waves emitted from the first power feeding
ergy generated in the first power reception coil, coil.
and
a first battery storing the energy recovered by 2. The wireless power feeding system according to
the first power reception circuit unit, and 25 claim 1, wherein
that charges the first battery by supplying elec-
tric energy by electromagnetic induction using the wireless power reception/feeding coil, the
a phenomenon in which the first power feeding first battery, the power reception/feeding circuit
coil and the first power reception coil resonate unit, and the mode switching means are inte-
at a predetermined resonance frequency; and 30 grally configured as a battery-mounted device,
a second wireless power feeding system that the second power reception coil, the second
includes power reception circuit unit, and the energy con-
a second power feeding coil generating electro- sumption circuit unit are integrally configured as
magnetic waves, a terminal consumption unit,
a second power feeding circuit unit supplying 35 each of a plurality of types of the terminal con-
power to cause the second power feeding coil sumption units includes a plurality of types of
to generate the electromagnetic waves, the energy consumption circuit units having dif-
asecond power reception coil receiving the elec- ferent functions, and is replaceable with respect
tromagnetic waves emitted from the second to the battery-mounted device, and
power feeding coil by electromagneticinduction, 40 the terminal consumption unit and the battery-
a second power reception circuit unit recovering mounted device are connected so that an elec-
energy generated in the second power reception trical coupling portion is not exposed to the out-
coil, and side.
an energy consumption circuit unit consuming
the energy recovered by the second power re- 45 The wireless power feeding system according to
ception circuit unit, and claim 2, wherein
that supplies energy to the energy consumption
circuit unit by supplying electric energy by elec- the energy consumption circuit unit is a circuit
tromagnetic induction using a phenomenon in that converts electric energy into light, and
which the second power feeding coil and the 50 the terminal consumption unit is configured as
second power reception coil resonate at a pre- a light unit having a plurality of functions.
determined resonance frequency, wherein
the first power reception coil is configured as a The wireless power feeding system according to
wireless power reception/feeding coil that also claim 2 or 3, further comprising

55

serves as the second power feeding coil,

the first battery is used as a power source that
causes the second power feeding coil to gener-
ate the electromagnetic waves,

15

an engaging portion at which the energy con-
sumption circuit unit and the battery-mounted
device are engaged so that the second power
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reception coil of the energy consumption circuit
unit and the wireless power reception/feeding
coil of the battery-mounted device are close to
each other, wherein

the engaging portion is an engaging portion that
does not have a direct electrical coupling portion
and is provided with a waterproof measure,
the power reception/feeding circuit unit further
includes a control circuit, and

the control circuit detects a proximity state be-
tween the wireless power reception/feeding coil
of the battery-mounted device and the second
power reception coil of the energy consumption
circuit unit, and continuously supplies high en-
ergy to the energy consumption circuit unit.

The wireless power feeding system according to
claim 2 or 3, further comprising

an engaging portion at which the energy con-
sumption circuit unit and the battery-mounted
device are engaged so that the second power
reception coil of the energy consumption circuit
unit and the wireless power reception/feeding
coil of the battery-mounted device are close to
each other, wherein

the engaging portion is an engaging portion that
does not have a direct electrical coupling portion
and is provided with a waterproof measure,
the power reception/feeding circuit unit further
includes a control circuit,

the energy consumption circuit unit and the bat-
tery-mounted device are further provided with a
magnet and a magnet switch, respectively, and
the control circuit detects a proximity state be-
tween the second power reception coil of the
energy consumption circuit unit and the wireless
power reception/feeding coil of the battery-
mounted device based on an output of the mag-
net switch, and continuously supplies high en-
ergy to the energy consumption circuit unit
based on the proximity state.

6. The wireless power feeding system according to
claim 4 or 5, wherein

the battery-mounted device or the terminal con-
sumption unit is further provided with an LED
light and a small-capacity backup battery,

a light emitting unit formed of a luminous mate-
rial that facilitates mutual device recognition is
further provided, and

when an engaged state between the battery-
mounted device and the terminal consumption
unit is released, the LED light emits light for a
certain period of time to facilitate replacement
of the terminal consumption unit.
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7. The wireless power feeding system according to any
one of claims 4 to 6, wherein

the terminal consumption unit is a circuit that
converts electric energy into light,

has a rotation portion so that a direction of the
light emitted from the terminal consumption unit
is freely changeable in a state in which the bat-
tery-mounted device and the terminal consump-
tion unit are engaged with each other, and

has a function of detecting, by the second power
reception circuit, a rotation direction or a rotation
position of the rotation portion, and

the control circuit on the battery-mounted device
side controls supply of electric energy via the
wireless power reception/feeding coil according
to the rotation direction or the rotation position
to change an intensity or color of the light or per-
form switching between lighting and blinking.

8. The wireless power feeding system according to any
one of claims 4 to 7, wherein
circuits related to the power feeding mode ofthe pow-
er reception/feeding circuit unit further include:

aresonant capacitor whose resonance frequen-
cy is adjusted so as to form a parallel resonant
circuit in combination with the wireless power
reception/feeding coil;

a switching circuit that periodically repeats acti-
vation (driving state) and deactivation (reso-
nance state) of power supply with respect to the
power feeding coil;

a frequency adjustment circuit that changes a
frequency of power to be supplied to the wireless
power reception/feeding coil; and

a resonance state sensor that detects a reso-
nance state of the power feeding coil and out-
puts a detection signal to the frequency adjust-
ment circuit and the control circuit,

the control circuit

integrally controls both the switching circuit and
the frequency adjustment circuit,

determines a frequency and a driving time of
power feeding according to information from the
resonance state sensor so as to achieve an op-
timum resonance frequency and a stable reso-
nance state, and controls the switch circuit and
the frequency adjustment circuit according to
the frequency and the driving time, and

further detects, in a case where it is determined
that an abnormal resonance state or an abnor-
mal discharge state that occurs when electro-
magnetic waves are outputin water or salt water
has occurred, heat generation by performing
temperature detection, and detects an overvolt-
age, or an overcurrent, and in a case where it is
determined that an abnormal state has oc-
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curred, the control circuit stops power feeding. one of claims 1 to 11, further comprising

9. The wireless power feeding system according to bidirectional communication means, wherein

claim 4 or 5, wherein

the mode switching means

makes the power feeding mode in a standby
state be executed when the battery-mounted
device and the terminal consumption unit are
not engaged or an engaged state is not sensed,
and performs switching from the power feeding
mode in the standby state to the power reception
mode when the engaged state is sensed.

10. The wireless power feeding system according to any
one of claims 1 to 7, wherein

the mode switching means includes

the wireless power reception/feeding coil thatre-
ceives the electromagnetic waves emitted from
the first power feeding coil by electromagnetic
induction in the power reception mode, and the
first power reception circuit unit that recovers
energy generated in the wireless power recep-
tion/feeding coil, and

performs switching from the power reception
mode to the power feeding mode in a standby
state in a case where a predetermined power
reception level is not reached.

11. The wireless power feeding system according to any
one of claims 1 to 10, wherein

each of the wireless power reception/feeding
coil of the battery-mounted device, the first pow-
er feeding coil, and the second power reception
coil is a pot type ferrite core in which a cylindrical
portion surrounding a winding portion, a shaft
portion of the winding portion, and one bottom
surface of the cylindrical portion are formed of
ferrite,

in the power feeding mode, the wireless power
reception/feeding coil of the battery-mounted
device and the second power reception coil are
engaged around a core hole and are arranged
so as to face each other on a side where the
ferrite bottom surface is not provided, and in the
power reception mode, the wireless power re-
ception/feeding coil of the battery-mounted de-
vice and the first power feeding coil are engaged
around the core hole and are arranged so as to
face each other on the side where the ferrite
bottom surface is not provided, and

in the power reception mode or the power feed-
ing mode, wireless power feeding continues
even when rotating around the core hole.

12. The wireless power feeding system according to any
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when performing wireless power recep-
tion/feeding in the power reception mode or the
powerfeedingmode, the wireless power feeding
system includes predetermined communication
means that enables bidirectional data commu-
nication,

a state of charge of the battery is detected by a
control unit of the power reception/feeding cir-
cuit unit, and a numerical value of the state of
charge is communicated to a counterpart by the
communication means, and

the energy consumption unit records at least an
energy consumption amount, and a numerical
value of the energy consumption amountis com-
municated to the battery-mounted device by the
communication means.
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